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1. Title: Curbide Precipitntion During Tempering of' fuencned Alloy Zteel,
Authors: V.I. Arkherov and 5.7. Kiselev. Published by Doklady Akaedemil Nauk
5S8R 59 (1948) no. 9, pp 1571/2157h,

a. A competent paver. Twelve alloy steels (vith about 1 to b Cr, 0,2 to
1.3% Mn, up to 0.5% Mo, 0.3 to 24 Ni and up to 2.5, W) were quenched end
tempered eight hours at L00, 500 und 500 C. After electrolytic separation
of the carbides from these spicimens (end elso from cnneeled sumples), the
composition und sitructure of the cerbides were dctermlned,

1. A "low-tempersture those" was found in all steels tempered at
400 C and 1in some tempered ot 500 C. The difiuseness of the
X~ray lines mode the exaect composition of this phese uncertain,
but 1t epperrs to differ from Kurdyuwnov's "Fe,C".

There is o cor: siztion between the presence of this phese and
lov toughness and intergrenuler frectures., It is possible thet
this finding megy confirm = ovrevious hypothesis on the cause of
temper brittleness.

mn

3. At higher tempering temveratures, the "low-temperature phase'
disappenrs with the gppecrance of other cartide phases., For
an eight-hour temper, thi: change occurs at cbout 100 to 500 €,
In some stee.s where the curvides found in the anncaled cone
dition wve of the FeW3C (CrP20S) or Cr7C3 type, en "intermediate”
carbide-namely, nn alloyed cementite s, for instence, (Fe,Mo) 3C-
is formed st the higher tempering tlemperatures,
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b. Considerable work has bLeen done on tre carbide phase precipiteted at low
tempering temperatures since Kurdyumov's original investigation, The
latest work (un plain carbon steels) inddcates trat this pnase, Now genera.-

ly called epsilom carbide, has the appreoximate canpositionfe2.4C.

C.8. Roberts, B.L. Averbach end M. Cohen: The Mechanism and
X3 wetics of the First Stage of Tempering. TASM 45 (1953) pp

576/699; disc 599/60h4

c. The reference to a hypothesis relati
phase to tamper brittleness is8 not ¢

ng the presence of this low-temperature
lear aa it refers to a previous paper.
This cou>d refer to either the so-called 500 F or A-embrittlement, or to the
phenomencn genexrally called temper brittlemeass., In either casc the/t:mothesis

‘does not seem very tenable. R

1, The first type of embri*tlement takes piace when quenched astoels
are teupered at ~bout 230 to 400 C. (The latest of many theories
418 that this type of embrittlement ray he caused by the occurrence
of cementite filme along martemsitic plates lying &t prior eustenitic
tourndaries.) Since it iz lmown from other work that the low~-temperature
phase is formed at temperatures below 250 C, there would appear to be
no reason why there should be a relation between this phase and this

particular type of exbrittlement.

B.8. Lement, B.L. Averbach and M. Cohen: Microstructural Changes
on Tempering Iron-Carben Alloys. TASM L6 (1954) pp 651/877T;
aisc 877/861
.
2, The phencmonon known as temper brittleness occurse in adme alloy asteels
when they are held in, or nlowly cooled through, the approximate range

450 to €00 C. There are a number of arguments why the low-temperature
phmse is probably not i{nvolved here. Ferhaps the simpiest 1s that temper

vrittleness can occur in non-martensitic ste
phase occurs only in steels quenched to martensite.

d. The carbides found at the higher tempering temperatures and in the annealed con-
aditions ar< approximately those +-at would be expected from other vork in this
field.
w. Crafts and C.M. Offenhauer: Car. Ldes in Low Chromium-mclybdenuva
Steels. TAIME 1Sk (1943) pp 361/373
H. Krainer: RBntgenographische Untersuchungen der Sonderkarbide

mehrfach legierter Stdhle in geglbhtem Zustande. Archiv
aas Bisenhlittenswesen 21 (1950) PP 33/38

H. Krainer: RBntgenographische Untersuchung der Xarbide in
Wolfram-, MolybcdHn-und Vansdinstdhlen. Archiv fir das Eisen~

riittenwesen 21 (1950) PP 39/41
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2. 16342 Changer in the Orein 8iso of Steel s & Resuit of Recrystallisation.
@thors: V I Arkharov and Yu D Kozm:my;’zz;=rublished by Doklady Akademii Nauk

S8AR 69 (195E) No. 1, pp 33/35

a. Bochvar pointed out the effect tranaformation strains could bave on
the grain size produced on subgequent recrystallization. A recent
Soviet investigation (Sadovskiy, Malyskev and V'yal) of the cause of
abno:mal grain growth in high apae} steel confirmed “he importance of
this factcr. Since metallogrophid exanination was considered to be
ingufficiently accurate, X-ray analysis vas used in the present atudy
of the recrystallization of an overheated (coarsened) alloy carburiting
steel (18 KnMMA), » o

1. The "recrystallization threskho}d" was 1000/1020 C. Transformatioa
strains affected recrystallizaiion at lower texperaturos dut not
at higher. : )

2. Heating t0 a temperature between the critical range aad the recrystalli-
zation threshhold led to an oriemtation texture, and the steel
still had a coarse fracture.

3. Heating to a temperature slightly higher than the recrystallization
threshhold gave a fine grain size. '

L. Heating to & significantly higher temncreture caused a new grain
growth of the recrystellizec austeaite.

b. While th: results obtained probably apply to the particular samples tested,
it is doubtful whether they have wider significance.

1. No details aure given on the overheating treatnent used to give the
origiual coarsened structure, nq;r on the mezhod of cooling from this
treatment. Beoth of these would be expected Lo neve a marked influence
on subsequent recsoystacl.zation.  The .atter wooic nresumadbly be of
special importance n detormRing tihe mugn:itude o: lne transformatlon

strains.

2.As discussed in a previous reviﬁ“v’ Qf Breur. an. Vora:nov, there has
been much work on the subect of Qverheate. eel and methods of sale-
vage. Nevertheless, tnere hab Phben no agreen i as to the utility of

the various homoge:izing and he=treating scicess., I the results of
Arkharov and Kozmanov were geng¥®ddy apulicat.~, ta.s would preernt -
a simple metithod of relining ovebﬁéhteu ciec. . (-ner experimental data,

however, indicate that th.s 18 T necessas.iy true.

M P Braun aud F E Veronov: ' & Nature i Fuirgirg Overheating
in Alloy Steel. Stal 6 {I946) pp Lbz wun

3.In the investigations on overheated steel, pro.-unced differences
have been found among heats of the same g—aac It is hara to see
hovw these variations would £it 4a wAth Arkharov and Kozmamov's theory.

¢. Arparently Arkharov and Kosmamaw’ol'Wemily was prompted at least ik part by
the cited investigation on thé ceisd abnormal grain growth im high
speed steel. '

1. It is not evidert why thure shoudd be any connection betveen abnormal
grain grovth in high speed gteel smd the grain grovth encountered in
overheated steel. The former GSOMWE® only when hardened high speed
steel is rehardened without sn M‘ﬁqmdiate anneal. Prior corndition
is not a factor in determining the occurrence of the latter type of

grain growth,
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2. Gwobe, Roberts and Chambers have shown tbat the ebnormal graii
grovth found with uigh sperd steecl does not occur in low-alloy
and straight carbon tool and die steels, although it does take
Place in a 9% W hot-work steel. Moat of the trouble witk
coarsening on overhe@ting, on the other hand, has been encountared
with métdam and low-carbon lov-alloy steels (such as the AIBI and

SAE grades).

A H-Grobe, G A Roberts aai D 8 Chambers: Discontinuous
Graip Growth in High Speed Sta2l. TASM k6 (195%) pp 759/708;
aisc 788/798

3. Even in the case of high speed steel, trensformation strains are
not involved in the tneory based on the most receant experim.ntal
work in the USA.

E Kula and M Cohen: Grain Growth ia High Speed Steel.
TABM 46 (195k) PP T127/752; disc 752/758.
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